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VABSTRACT
This technical report reviews critically the recent advances in
warm water aquaculture research and discusses the major constraints to
aquaculture development in Nigeria. It is emphasized that the lack of
an experimental approach to aquaculture projects is the major setback
to inland fish culture development in Nigeria. Among the cons-Lraints
highlighted for possible scrutiny through concerted research efforts
are:
(i) environmental effects such as water and soil
qualities and the effects of temperature and
rainfall on the stability of the ponds;
(ii) effects of organic and inorganic fertilizers cn
pond productivity and their rates of application
under different environmental conditions within
the country;
(iii) the choice of suitable species for mono and poly
culture combinations and possible methods of
obtaining the seeds locally;
(iv) suitable stocking rates for mono and poly culture
combinations using different species,
(v) relative growth rate of different species fed
with cheap, locally available food materials and
the optimum growing period under different
environmental conditions,
(vi) manpower constraint.
Finally an experimental design intended to supply the back-
ground information needed for large scale intensive aquaculture development
in the country is proposed.

I. INTRODUCTION
Although the art of fish culture in ponds is almost 30 years old
in Nigeria and other African countries, documented works which could
supply the background information needed for aquaculture development are
almost non-existent in Nigeria especially when compared with data
available from other African countries,
The available literature on aquaculture trials in some African
countries are those based on works carried out at certain Food and Agric
ulture Organization (FAO) projects in Africa, A lot of useful results
have also accumulated based on the works carried out by Centre Technique
Forestier Tropical (C.T.F.T.) in some French speaking African countries.
: addition to these international agencies, it is believed that
some measure of success has been achieved by some government workers in
various African countries but because these workers have not publicized
their results in widely read journals, their contributions remain
unknown to others.
Sagua (1976) gives a historical review of aquaculture development
in Nigeria and outlines the major constraints marring progress. He
maintained that the economic feasibility of fish culture projects needs
to be studied in different parts of Nigeria since the construction costs
of ponds varies with the terrain and soil conditions. He is of the
opinion that since the major recurrent component in fish culture is
the cost of feeds, research on selection and mass production of suitable
and cheap fish feeds be intensified in order to facilitate progress in
aquaculture ventures.
Also Ita (1976) in a survey of inland fish culture activities in
some northern states of Nigeria observes that there is great demand for
cultured fish but notes that shortage of personnel in the various estab-
lishments limits expansion in pond construction and hence in fish
production. He states that in order to boost production, fish culture
should be backed up with intensive research efforts.
The objective of this report is therefore threefold, namely:
Ci) to outline the various constraints prevalent in warm
water aquaculture;
(±1) to review the available literature on the efforts so
far made in solving the major problems and
(iii) to stimulate interest in an experimental approach
towards solving aquaculture problems through a stand-
ardized method of data keeping and reporting.
2. MAJOR CONSTRAINTS AND CULTURE SYSTEMS
2.1. Environmental Constraints
2.1.1. Topography:
The choice of a suitable site is of major importance in aquaculture
development. Huet (1972) outlines the major criteria in the choice of
sites, among which are:
(a) that ponds are better constructed on sandy and
marshy grounds not economically suitable for other
forms of exploitation;
(b) the land should not be too porous and the dike
must always rest on solid and water-tight ground;
(c) the ground should neither be too hl1y nor too
flat. The ideal is a slight depression which can
easily be put under water by constructing a single
transverse dike-
Whereas untruncated V-shaped valleys are not suitable for pond con-
struction because of the relatively high dikes required, a V-shaped
valley slightly and obliquely truncated could be utilized for diversion
ponds. Valleys with a rounded off V-shape are suitable for construction
of barrage ponds.
32.1.2. Soil
Although fertile soil is the best for pond construction because of
its ability to supply nutrients to the water, in oractice land unsuitable
for agriculture is generally used since such land can give a better
income as fish ponds (Natida 1967). In addition to supplying nutrients
to the water for use by aquatic plants, the pond sd is also the
habitat of bottom fauna which is an important source of food for cultured
fishes. Wrobel (1967) mentions that in moderate climatic conditions
the productivity is higher in ponds located on carbonate soils since the
soils formed on these rocks are usually richer and have higher calcium
carbonate content. Calcium carbonate has a buffer effect and reduces
the amplitudes of pH fluctuations in water.
The presence of some organic and mineral compounds (e.g. phosphates,
nitrates and potassium) in the soil is important in increasing the
fertility of the soil. Infertile soils can be rendered fertile with
time as a result of constant sedimentation of suspensions and their mixing
with organic matter produced in the ponds and with precipitated mineral
compounds such as carbonates, phosphates and ferric hydroxide.
Sreenivasan (1967) attemrted a classification of soil types in
relation to pond productivity and concluded that soils with 1availabie
phosphorus" ess than 0.5 ppm are in the lower productive group (<500 kg/ha)
Those with phosphorus between 0.5 to 1.0 ppm are ii; the moderately
productive group (500 - 1,0CC kg/ha). Soils with available phosphorus
of over 100 ppm are in the highly prodpctive group (>l,C00 kg/ha).
Other factors come into play such as species combinarien and stocking
rate (Appendix 1).
2.1.3. Water
The quantity and quality oi water supply to ponds are major consi-
derations in siting fish —farms. As Huet (1972) puts it, feebly flowing
brooks cannot supply important fish farms. It is also difficult on the
other hand to build ponds in valleys through which strong water courses
flow e.g. streams or large rivers. What is important is a sufficient
but not excessive quantity of water. In tropical climates, evaporation
can reach 2.5. cm (1 inch) per day. This requires an inflow of 3 litres
per second per hectare to compensate for loss.
'4
In order to ensure a constant source of water in an area with
seasonal streams or rivers and to replenish water lost through evapor-
ation, seepage and infiltration, it might be necessary to construct
storage reservoirs.
The water supply to ponds should be free of pollutants from md-
ustrial wastes and urban sewage. In the absence of pollutants, the
natural quality of stream or river water depends to a certain extent
on the nature of the basin through which it flows.
Few attempts have been made to classify fish pond productivity in
relation to the water quality. Sreenivasari (1967) observed that of
the 20 ponds which yielded more than 1000 kg/ha in Madras, all had
bicarbonate content of over 180 ppm(as HCO3)and all except four had
hardness (as CaC0 exceeding 100. Conductivity in these ponds was
generally over 500 ppm and only one had electrical conductivity less
than 200 ppm.
As earlier indicated, the stocking rate and species combination
in these ponds also affect their productivity (Apoendix 1).
Martin (1978) states that calcium and magnesium carbonate are
important buffer substances which raise the total alkalinity and it
would be unwise to start fish farming where the total alkalinity was
below 60 - 75 ppm. Such conditions can be improved by liming with
finely ground do'omite limestone at the rate of at least 1 ton or 2
tons per acre (i.e. about double the quantity per hectare). Dissolved
solids ure also important and good fish ponds contain dissolved solids
of more than 100 ppm. This is necessary because waters containing
large amounts of diss1ved -substances are more likely to have a high
buffer effect as earlier stated.
Glude (1978) —maintains that whereas channel catfish requires
dissolved oxygen content above 5 ppm and may tolerate 2 ppm for a short
time, eels, tilapia and yellow perch can withstand oxygen levels as
low as 1 ppm.
The turbidity level is also important although catfishes and
tilapia are very resistant to silt loads in water.
52.2. Liming and Fertilization of Ponds
?.2.l.liming
The application of lime to ponds is known to improve the hygienic
condition of the water and provide an alkaline medium (in acidic soils)
which controls strong -fluctuation in pH values. Huet (1972) outlines
the effect of liming as follows:
(a) use of quickline or calcium cyanainide for liming
the pond bottom has an anti-parasitic action in the
water and on an infected fish;
(b) liming ncreasesthe pH of acid water to more
desirable levels (i.e. to oH 70 - 8.0) for fish
and other biological cycles in the pond water;
(C) liming nreases the alkalinity of pond water.
Alkalinity of 3.5 1.0 acts as a buffer thus
preventing strong fluctuations in pH values. The
presence of calcium in water neutralizes the
harmful effects of magnesium sodium and potassium
salts and is used in he formation of shells by
molluscs and crustaceans;
(d) liming precipitates excessive organic matter in
suspension in highly turbid waters thus reducing
the effects of such suspended matter on fish ad
thus reducing the danger of oxygen deficit;
(e) liming accelerates the nitrification of arnmomium
compounds into nitrites and nitrates thus indirectly
increasing the productive capacity of the water.
The following conditions are given for the application of lime:
(1) it should be applied when the pH of the water is
too low,
(ii) when the alkalinity is low,
(iii) when the bottom is too muddy through lack of draining;
6(iv) when the organic matter content is teo high and
there is danger of lack of oxygen;
(v) when there is a threat of contagious diseases.
Table 1 shows a summary of the effects of the application of lime
in warm water fish ponds. Miller (1976) states that the use cf lime in
water of pH lower than 6.5 appears to increase fish producticn although
it may not be economical. However, the use of lime in waters of pH
greater than 6.5 appears to be unnecessary. Chrpy (1956) has shown
that the productivity of water with a high lime content is not very
different from that of water with low lime content and mentions that liming
gave disappointing results. Huet (1957) mentions the value of lime
in the Congo since many waters there are acidic but points out that the
cost is a limiting factor.
Various rates of application under different experimenta conditions
are indicated it, Table 1. lombard (1959) applied 900 kg/ha 0± lime as
disinfectant. Vincke (1970 and 1971) applied it in smaller amounts with
triple super phosphate and ammocium sulphate to reduce the mortality rate
of carp fry.
Maan et al (1966) gives values useful for ponds of different ages
(new or nld) and for those with clay and sandy bottoms.
From the foregoing account, it becdmes clear that :iming is not
an indispensable process in pond fish culture but could be used to remedy
certain situations whenever they occur.
2.2.2.Fertilization of Ponds
It is known that the addition of organic and inorganic fertilizers
to pond water increases the productivity of the ponds but the quantity
of fertilizers applied varies in relation to climate, soil and water
conditions. Huet (1972) maintains that fertilization increases production
without the risk of dietary diseases and improves the hygienic condition
of the pond. Fertilizers increase production indirectly by increasing the
quantity of natural food in water. However, fertilizers act directly on
the bottom mud. From there the nutrients are released into solution for
use by plants.
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8The following conditions are outlined by Huet (1972) for the
application of fertilizer:
(a) If the soil and watep in the pond are acid they
must be limed before fertilizer is used.
(b) The bottom must be covered with good quality mud
rich in colloids and organic detritus.
(o) Higher aquatic plants must be disposed of by repeated
cutting or the portions covered by the vegetation
should not be fertilized.
According to Miller (1976) phosphorus has been shown to be the single
most limiting fertilizer component In fish production. It is very active
though found in very small amounts in solution. Nitrogen is the second
most important element followed by potassium. The continued use of the
last two may not be necessary, however, in ponds receiving nitrogenous
fertilizers over several years (Swingle 1965). Swingle observed that he
could reduce fertilizer oosts by 70% without loss in fish production with
applications of phosphorus only in ponds which had received complete
fertilizers (with N: 5: K) over several years.
(a) Inorganic Fertilizer
Table 2 shows a summar7 of results of the effect of application of
inorganic fertilizers in tropical fish fahms. Although there appears to
be some consistency in fhe types of inorganic fertilizers used namely:
(a) triple super phosphate (44 — 51% P2 05)
(b) super phosphate (38% P2 05)
(c) basic slag (g — 15% P2 05)
(d) ammonium nitrate (33.5% nitrogen)
(e) ammonium sulphate (20.0% nitrogen)
(f) sodium nitrate (16.0% nitrogen)
v
u
rc
{ '
.un
oi
J.p
e
s
u
p
e
r
p
ho
sp
ha
te
(B
ou
ak
e)
a
m
m
o
n
iu
m 
su
lp
ha
te
T
r
ip
le
 s
up
er
ph
os
ph
at
e
l3
3,
 k
g/
ha
) 
mo
nt
hl
y 
fo
r
23
8 
kg
/h
a
)
4
m
o
n
t
hs
55
—6
6 
kg
/h
a/
mo
nt
h 
or
60
 k
g/
ha
/m
on
th
60
 k
g/
ha
/m
on
th
 (
Tw
ic
e
a
 
m
o
n
t
h)
10
0%
 i
nc
re
as
e 
in
 1
15
.0
pr
Qu
c—
t
io
n 
bu
t 
50
% 
in
cr
ea
se
 i
f 
ei
th
er
is
 a
pp
li
ed
 a
lo
ne
P
r
o
du
ct
io
n 
up
 t
o 
17
50
 k
g/
ha
/y
r
12
57
 -
22
30
kg
/h
a/
yr
68
3 
—
70
2
2k
g/
ha
/y
r
I
n
 
6 
10
0 
m
u
n
li
me
d 
po
nd
s 
pH
7.
0 
wi
th
 T
il
ap
ia
 h
yb
ri
ds
H
lg
fl
 c
os
t 
wa
s,
a 
lim
iti
ng
fa
ct
or
P
o
n
ds
 s
to
ck
ed
 w
it
h 
T,
la
pi
a
hy
br
id
s 
at
 1
10
/1
00
 m
I
n
 
t
r
e
a
t
e
d 
po
nd
s
I
n
 
u
n
t
r
e
a
t
e
d 
po
nd
s
2
F
is
h 
st
oc
ke
d 
at
 1
/a
+
 
1
L
a
t
e
s
/p
on
d
T
a
bl
e 
2 
—
Su
m
m
ar
y
o
f 
re
su
lt
s 
of
 t
he
 e
ff
ec
ts
 o
f 
ap
pl
ic
at
io
n 
of
 i
no
rg
an
ic
 f
er
ti
li
ze
rs
 i
n 
tr
op
ic
al
fi
sh
 f
ar
ms
 a
nd
 t
he
 o
bs
er
ve
d 
re
su
lt
s
C'
.T
.j.i
.
is
oi
j
(19
71
)
L
a
z
a
r
d 
(1
97
3)
R
e
fe
re
nc
e
C
o
u
n
t
r
y
 
o
f
s
t
u
dy
F
e
r
t
il
iz
er
 t
yp
e
'
R
a
t
e
 
o
f 
ap
pl
ic
at
io
n
R
e
s
u
lt
s
R
e
m
a
r
ks
F
.
A
.
O
.
 
(1
96
7-
72
)
"
G
A
B
O
N
(O
ye
m 
Fa
rm
C
e
n
t
r
e
)
45
% 
tr
ip
le
 s
up
er
ph
os
ph
at
e 
P2
 0
15
% 
P2
 0
5 
(B
as
ic
 S
la
g)
 +
40
%
C
a
O
 
a
n
d 
3%
g 
an
d 
Mn
60
0 
kg
/h
a 
ev
er
y 
2 
we
ek
s
60
0 
kg
/h
a
P
o
o
r
B
e
t
t
e
r
 
r
e
s
u
lt
s
p
H
 
6.
0
N
o
 
c
ha
ng
e
p
lu
s
V
in
ck
e 
(l
97
2b
)
L
I
B
E
R
I
A
15
15
: 
15
 (
N:
P:
K)
'
28
 k
g/
ha
 i
n 
No
v.
 &
 J
an
.
N
o
 
in
fo
rm
at
io
n
C
o
s
t
 
9.
9/
ha
/y
r
V
ln
ck
e 
(1
96
9) "
Ka
va
le
c
(1
97
6)
'
M
A
L
A
G
A
SY
R
E
P
U
B
L
I
C
Z
A
M
B
I
A
T
r
ip
le
 s
up
er
ph
os
ph
at
e
A
m
m
o
n
iu
m 
su
lp
ha
te
So
di
um
 n
it
ra
te
'
'
60
, 
12
0,
 2
00
 8
 3
00
kg
/h
a
15
0 
-
20
0
kg
/h
a/
iS
 d
ay
s
23
0 
kg
/h
e
)
P
2 
Or
 C
on
c.
 '
&a
ri
ed
 f
ro
m 
4.
25
7.
0 
Mg
/l
P
2 
O5
Co
nc
. 
be
fo
re
 a
pp
l.
1.
5—
3m
g/
l
P
2 
05
 3
0 
da
ys
 a
ft
er
 =
2.
0—
3.
0
N
o
 
p
r
o
du
ct
io
n 
fi
gu
re
s 
bu
t
C
o
n
c
.
 
o
f 
NH
4v
ar
ie
d 
0.
25
—4
.0
mg
/i
13
32
 k
g/
h/
yr
 w
it
h 
st
oc
ki
ng
 o
f
E
ff
ec
t 
la
st
ed
 3
—4
w
ee
ks
R
e
c
o
m
m
e
n
de
d 
ra
te
12
0 
-
15
0
kg
/h
Im
I
n
c
id
en
ce
 o
f 
co
st
 l
ow
es
t
a
t
 
60
 k
g/
ha
 o
f 
P2
 0
5
T
r
ip
le
 s
up
er
ph
os
ph
at
e
)
18
0
kg
/h
a
)
5,
00
0
19
38
10
,0
00
4 
Ti
la
pi
a 
sp
p.
H
a
r
v
e
s
t
e
d 
af
te
r 
6 
mo
nt
hs
K
a
v
a
le
c 
(1
97
6)
Z
A
M
B
I
A
P
o
t
a
s
s
iu
m 
ch
lo
ri
de
So
di
um
 n
it
ra
te
'
Tr
ip
le
s
u
p
e
r
p
ho
sp
ha
te
P
o
t
a
s
s
iu
m 
ch
lo
ri
de
is 
kg
/h
a
)
Fe
rti
liz
er
1-
 F
ee
di
ng
46
0 
kg
/h
a 
)
pl
us
50
%
36
0 
kg
/h
a 
)
a
fte
r
m
o
n
t
h
)
15
kg
/h
a 
)
25
16
"
16
,0
00
66
25
"
"
 
16
,0
00
60
24
 k
g/
ha
 w
it
h 
st
oc
ki
ng
 o
f
16
,0
00
61
56
 k
g/
ha
 w
it
h 
st
oc
ki
ng
 1
6,
00
0
N
il
"
"
"
16
,0
00
(a
ll
 d
ea
d)
w
it
h 
an
d 
wi
th
ou
t 
fe
ed
in
g
'
Pl
us
fe
ed
in
g.
H
a
r
v
e
s
t
a
ft
er
 9
 m
on
th
s
'
St
ru
m
 (1
96
5-6
6)
.
Z
A
M
B
I
A
38
% 
su
pe
rp
ho
sp
ha
te
 o
nl
y
38
% 
su
pe
rp
ho
sp
ha
ta
 p
iu
s
li
me
56
 k
g/
ha
/m
on
th
56
 k
g/
ha
/m
on
th
16
80
 k
g/
he
lm
. 
in
it
ia
ll
y
fo
ll
ow
ed
 b
y
28
0 
kg
/h
a/
m
o
14
78
 k
g/
ha
/y
r 
of
 T
il
ap
ia
11
70
 k
g/
ha
/y
r 
of
 T
il
ap
ia
'
H
e
 
c
o
n
c
lu
de
d'
 t
ha
t
a
p
p
li
ca
ti
on
 o
f 
ph
os
ph
at
ea
in
 s
of
t 
wa
te
r 
in
cr
e'
es
e
fi
sh
'p
od
uc
ti
on
'
Ta
bl
e 
2 
Co
nt
in
ue
d
M
in
ist
ry
 o
f A
gr
ic
.
&
N
a
t
.
 
R
e
s
o
u
r
c
e
s
I
ba
da
n 
(p
er
.c
om
.)
N
I
G
E
R
I
A
R
e
fe
re
nc
e
Co
un
try
 o
f
s
t
u
dy
F
e
r
t
il
iz
er
 t
yp
e
R
a
t
e
 
o
f 
ap
pl
ic
at
io
n
R
e
s
u
lt
s
R
e
m
a
r
ks
A
p
p
li
ca
ti
on
 o
f 
li
me
o
ff
er
ed
 l
it
tl
e 
be
ne
fi
t
a
n
d 
ca
n 
ca
us
e 
pr
ec
ip
it
a
t
io
n 
of
 p
ho
sp
ha
te
.
T
he
u
s
e
 
o
f 
fr
es
h 
cu
t 
gr
as
s
w
a
s
 
o
f 
no
 a
dv
an
ta
ge
St
ru
m 
(l
96
5—
66
)
"
Z
A
M
B
I
A
"
38
% 
su
pe
rp
ho
sp
ha
te
p
lu
s 
cu
t 
gr
as
s
U
n
m
a
n
a
g
e
d 
co
nt
ro
l
56
 k
g/
ha
/m
on
th
44
8 
kg
/h
a/
wk
—
10
60
 k
g/
ha
/y
r
o
f 
Ti
ap
ia
47
1
kg
/h
a/
yr
 o
f 
Ti
la
pi
a
B
a
s
ic
 s
la
g
60
 k
g/
ha
/2
m
N
o
t
 
g
iv
en
O
n
e
 
w
e
e
k 
af
te
r 
ap
pl
ic
at
io
n
o
f 
li
me
 a
t 
40
0 
kg
/h
a
L
o
m
ba
rd
 (
19
59
)
S.
 A
FR
IC
A
l9
%a
up
er
ph
os
ph
at
e
B
a
s
ic
 s
la
g
18
5 
kg
/h
a
22
5 
kg
/h
a
Y
ie
ld
 i
nc
re
as
ed
 4
 t
im
es
t
o
 
m
a
x
.
 
o
f 
60
0 
kg
/h
a
T
il
ap
ia
 s
to
ck
ed
 a
t
42
.0
0/
ha
T
(1
95
2)
S.
 A
FR
IC
A
VT
TK
-
22
4
kg
.'
ha
 i
ni
ti
al
ly
 p
lu
s
m
o
n
t
hl
y 
ap
pl
ic
at
io
n 
to
m
a
in
ta
in
 g
re
en
 b
ro
wn
c
o
lo
ur
N
o
t
 
s
t
a
t
e
d
F
o
r
 
a
p
p
li
ca
ti
on
 i
n
r
e
s
e
r
v
o
ir
s 
of
 l
es
s 
th
an
S
m
 
de
ep
M
aa
r (
19
56
)
A
no
n
(1
96
3)
R
H
O
D
E
SI
A
)7 
H
22
0 
kg
/h
a 
in
it
ia
ll
y 
an
d
s
u
bs
eq
ue
nt
ly
 a
s 
fo
r
N
e
y
 
(1
05
2)
 a
bo
ve
—
N
o
t
 
s
t
a
t
e
d
(J
OS
Y
N
I
G
E
R
I
A
B
as
ic
 sl
ag
Su
pe
rp
ho
sp
ha
te
36
 k
g/
ha
 m
on
th
ly
E
x
p
e
r
im
en
t 
wi
th
 c
ar
ps
 s
ho
we
d
n
o
 
a
dv
an
ta
ge
 a
t 
50
0 
an
d 
15
00
fi
sh
/h
a 
wi
th
 p
ho
sp
ha
te
 a
lo
ne
bu
t 
ad
va
nt
ag
eo
us
 a
t 
10
00
 f
is
h/
h
M
a
a
r
 
e
t
 
a
l 
(l
96
6T
E
A
ST
C
E
N
T
R
A
L
A
F
R
I
C
A
56
 k
g/
ha
l 
mo
nt
h
N
o
t
 
s
t
a
t
e
d
T
o
r
r
a
n
s
 
(1
97
3)
C
A
M
E
R
O
O
N
45
% 
su
pe
rp
ho
sp
ha
te
10
0 
kg
/h
a
N
o
t
 
s
t
a
t
e
d
A
p
p
li
ed
 i
p 
be
gs
 o
r 
ba
sk
et
s
s
u
s
p
e
n
de
d 
in
 w
at
er
W
a
hb
y 
(1
97
4)
U
.
A
.
R
.
Su
pe
rp
ho
sp
ha
te
A
m
m
o
n
iu
m 
ni
tr
at
e
25
 k
g/
ha
/m
on
th
25
 k
g/
ha
/m
on
th
N
o
t
 
s
t
a
t
e
d
B
e
t
h 
ph
os
ph
or
us
 a
nd
n
it
ra
te
 c
on
c.
 r
et
ur
ne
d 
to
a
 
p
r
e
-
a
p
p
li
ca
ti
on
 l
ev
el
 7
da
ys
 a
ft
er
 a
pp
li
ca
ti
on
cD
ii
The rate of application varies with different workers as shown in
Table 2. Similarly the results obtained also vary with the type of
fish cultured, stocking rate and other conditions of the experimeat
Of major consideration in the use of inorganic fertilizers is the
cost. In considering the economics of the study, Vincke (1969) applied
the following formula:
Incidence of fertilizer on Cost of fertilizer used
the price of 1 kg of fish Net production of fish in kg.
The estimate gives a good index of cost in relation to fish produced
This is important since cost of fertilizer is not the only recurrent
cost in culture experiments. Feed cost is atiother big consideration.
If the total recurrent cost of obtaining or producing 1 kg of
fish is equivalent to or higher than the cost of 1 kg of the fish
produced, then the venture may not be economically viable,
Lazard (1973) in Ivory Cca.st for instance estimated the incidence
of cost of fertilizer per kg of fish produced as CFA.F 18.9 where
CFA.F 233 l.OO U.S. dollar. With triple super phosphate applied
at 60 kg/ha/mo twice monthly (Table 2) he obtained a production of
1257 — 2230 kg/ha/yr in treated ponds as against 683 — 702 kg/ha/yr
in untreated ponds. With such high rate of production and low fert—
ilizer cost the project could be quite successful.
Vincke (1969) had a higher incidence cost (in Nalagasy Republic)
of F,M.G. 98.75/kg where F.M.C. 233 l.OO U.S. dollar, He tried
different application rates and concluded that 120 - 150 kg/ha per
month of triple super phosphate was the best rate,
(b) Organic Fertilizer
Organic fertilizers -are becoming increasingly popular as a means
of increasing fish production in warm water fish culture. Of increasing
popularity also is the combiration of animal rearing with fish culture.
Table 3 shows a summary of percentage composition of various organic
fertilizers commonly used in Africa,
12
According to Huet (1970), Snow et al (l96Li) and C.T,F,T, (1972a)
as cited in Miller (1976) -some of the advantages of the use of organic
fertilizers are:
(i) A shorter production cycle is possible than that—
obtained with inorgani fertilizers, especially for
production of zooplankton in fry ponds.
(ii) Plant growth (phytoplankton) is increased through
decomposition of organic materials and subsequent
release of CO2.
(iii) Aid in clearing of heavily silted pond water.
(iv) Some serve as supplemental fish feed.
(v) Exert a favourable action on pond soils.
Table 3 Percentage composition of various organic fertilizers
for use in fish culture in Africa (from Miller 1976,
taken from Snow et al l96L, Hickling 1962 etc.
Organic Fertilizer N P K Protein Carbohydrates
Crass hay 1.12 0.20 1.20 - -
Peanut hay
Cassava leaves
1.62
6.80
0.13
0.31
1.25
-
10.1
-
38.5
7.5
Cotion seed cake 7.02 2.50 1,60 l.l 26,L
Peanut meal 6.i3 0.5L 1.15 3.5 31,3
Soybean oil cake 7.07 0.59 1.90 L04.2 29.0
Palm oil cake 3.07 1.10 0.50 19.2 '46.5
Meat scrap 8.21 5.l'4 - 51.0 3,5
Horse manure 0.'49 0.26 0,'48 -
Chicken manure 1.31 0.'4O 0.5'4 - -
Sheep manure 0.77 0.39 0.59 - —
Cattle manure - -
- 5.0 15,'4
Pigmanure - - - - -
Blood meal 12,90 0.22 0.31 81.0 1.5
Brewers grain waste 2.90 1.60 0.20 18.3 '45.9
Distillers grain waste - — - 22.0 37.0
13
The disadvantages are:
(i) Large quantities required hence could be more
expensive than inorganic fertilizers depending
on country involved,
(ii) Could cause oxygen depletion.
(iii) Could stimulate growth of unwanted filamentous
algae.
(iv) Labour intensive.
(v) Excessive quantities may create conditions
favourable to fish diseases and parasites.
The use of organic fertilizers is highly recommended in sterile newly
built ponds in order to speed up the conditioning of pond soil by increasing
the quantity of organic matter.
Table L shows a summary of the effects of application of organic
fertilizers in tropica fish farms. As noted by Hickling (1962) the
application of 78L0 kg per ha of cow manure increased the production two
times over untreated ponds, this notwithstanding, the same results were
obtained with only 56 kg/ha of triple superphosphate.
Artificial feeding of fish in itself is a source of indirect organic
manure (Table 3) evidenced from the N P : K contents of such food stuffs
as: peanut cake, palm oil cake, cotton seed cake, brewers grain waste etc.
Also the raising of pigs and poultry on the banks of a pond provide
a regular dosage of organic manure, Van der Lingen (1960) recommends
1,000 ducks/ha and C.T.F.T. (pers. corn.) recommends pigs (1 male and 3
females) per L0O sq.m. pond. These animals also reproduce and increase
the economic prospects of fish farming.
In conclusion it should be stated that the economic advantage of
using either inorganic fertilizers or organic manure should be considered
before the choice is made. Absence of either of the two types of fertili-
zers could constitute a constraint to their use.
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2.3. Feeds and Feeding Practices
23.l. Feeds
Two major approaches have been recognized in feeding cultured
aquatic animals (Bardach et al 1972), these are:
(i) to raise animals which are low on the food chain,
and supply them with a low cost feed and aim to
produce a protein that can be sold in quantity at
a low price or consumed at the subsistence level;
(ii) to select a species high on the food chain which it-
self requires a high protein diet. Food for such
a fish will be relatively very expensive thus the
culturists product will be a high priced 'Tluxury"
food.
The first approach is obviously the best for a developing country like
Nigeria. It is also the commonest practice in Asia and the Far East with
a history of fish culture dating over 2,000 years (Ling 1967). There,
a number of compatible non-predatory fish of different but complementary
food habits are cultured together to make the best use of all the natural
food material present in the pond. In order to promote growth of natural
food, green manure, animal manure, and agricultural by-products are used
while recently inorganic fertilizers have also been applied in these Asian
countries
Supplementary feeding is practised for rapid growth of fish and
permits high density stocking. Artificial feeds used include a large
variety of materials of both plant and animal origin which can be obtained
easily either without cost or cheaply.
Although a lot of feed formulas are currently in use for closed systems
and small scale pond culture experiments, the production of such feeds
in commercial quantities at economical prices useful for large scale pond
culture is so far non existent in Nigeria and other African countries.
Webber and Riordan (1976) contended that since the feed cost represents
such a high proportion of the operating expenses, the economics of aqua-
culture industry are particularly sensitive to variability in cost of the
commodities which enter into the feed formulation. They believe that feed
consideration should have a strong impact on siting decisions since the
absence of indigenous feed components can negate the economic viability of
a venture located in areas remote from commercial feed sources.
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In Nigeria, a lot of indigenous feed mateDials are available
in different parts of the country e.g. groundnut and cotton seed
cakes in the north: palm kernel cakes from the south, guinea corn,
rice and corn bran in different parts of the country; and brewery
wastes from beer factories. Table 5 shows the composition of
some of the feed stuffs locally available for use in fish culture
in Nigeria.
Because of site limitations, it is not always practicable to
locate a fish farm near a good source of feed supply. Although
groundnut cake contains the highest percentage of protein, it may
not be economically feasible to transport the cake from the northern
states of Nigeria to southern fish farms. Therefore, the choice of
feed should be based on availability and cost rather than quality of
the feed stuff.
Hastings (1973) observed that combining several feed stuffs
into a ration has greater nutritional value than if the feed stuff
were fed separately. Miller (1976) also mentions that where an
abundance of feed stuff exists, it is more desirable to compose
rations offering a balance of nutritive elements includirL 25 — 35%
protein. Some local feed stuff such as palm nut cake has only 20%
protein (Table 5 ), but can be useful in mixed ration as a filler
if mixed with other items such as cow blond or fish wastes, etc.
Where the need for composing rations arises the food stuff found in
greatest abundance would be the irredient comprising the g'eatest
percentage of a ration.
A good way of determining the quality and utilization nf
supplementary feeds is by estimating the feed conversion ratio:
i.e. the quantity of food required to produce a unit weight of fish,
Miller (1976) reports that by using very cheap feed stuffs such as
beer wastes or mixes of various agricultural by—products, economical
conversion ratios ranging from 3 to 12: 1 have been obtained.
In Africa, feeds are mostly unpelleted. They are used either in
rations or singly and fed dry or moist to fish at specific pond areas.
With such unpelleted feeds, conversion ratios are high because of:
(a) poor digestibility;
(b) poor balance of nutritive elements; and
(c) non—ingestion of feeds (Hasings 1973).
17
Table 5 - Percentage composition of locally available feed
stuffs for use in aquaculture in Nigeria
(extracted from Miller 1976)
Feed Stuffs
%
Carbohydrates
0
Fats
%Total
Protein
0
Fibre
Beer waste
Cassava Flour (dry)
Cassava leaves
Cassava tubers
Cocoa hulls
Corn bran
Corn flour
Corn grain
Corn leaves & stalks (dry)
Cotton seed cake
Cotton seed
Cow stomach (dried)
Cow stomach (fresh)
Palm nut press cake
Peanut (groundnut) cake
Peanut shell (ground)
Rice
Rice bran
Soybean (ground)
Sugar cane fibre
Sweet potatoes
Wheat bran
Yam
Blood (fresh)
Blood meal
Fish waste (local)
46,4
83.2
14,3
34. 6
57,5
64.4
71. 5
81.3
46,6
28,5
29,6
37. 6
36,2
53.0
27. 3
46. 2
77.7
56.9
31.4
55, L
27.5
59.7
25. 6
36.2
7.8
0.5
1.0
0.2
0.8
8.6
3.8
4. 6
1.6
7,4
18. 8
1.9
1.0
8.9
7.6
1.0
2.2
3.8
15. 7
0.6
0.2
3.8
0.1
1.0
1.0
22.8
1.6
7.0
1.2
8.7
12 . 2
9.3
10.3
5.9
47.3
22.8
16. 7
11.6
19.9
53.5
4.0
7.4
8.7
33.7
1.3
1.6
4.5
11.6
76.6
35,8
18.8
1.7
4.0
1.1
23,7
2,8
1.9
2.3
30.9
9.6
24.1
28.2
37,8
14.0
6.2
46.7
0.4
22.6
5,5
40,0
1.0
1'4, 5
0,9
0,0
0.0
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Although a lot of feed formulas with low feed conversion
ratios have been in use in developed countries in pelleted rations,
pelletirg of feeds for fish in Africa is still in the experimental
stage due to high investment costs which could offset the economics
of the venture.
However, the following feed formulas have been tried and found
to be very successful:
Ci) Auburn No.1 fish feed formulated by Prather (19 57)
consisting of:
Ingredients Percentage in diet
Soybean meal 35
Peanut meal 35
Fish meal 15
Distiller's dry solubles 15
A feed conversion ratio of 3.3 has been obtained with the
above composition in non-peileted ration and a ratio of 1.6
obtaioed with pelleted rations.
(ii) Tilapia feed composition after Campbell (pers. corn.):
Ingredients Percentage
Corn bran
(Also rice flour or brewery waste)
Cotton cake 28
Wheat middiinCs 12
Fish meal 4
Shells 1
With the above formula a conversion factor of 2.0 —2.5 has been
attained in cages and 1.8 in ponds (C.T.F.T. per. corn.).
In conclusion, it should be emphasized that a high conversion
ratio with cheap feed is definitely better than a low conversion
feed of high cost. The choice should therefore be based on those
feed stuffs that could be obtained locally and cheaply even if it
mens resorting to the use of organic manure arid low quality
vegetable diets.
2.3.2. Feeding Practices
Results of some of the feeding trials with different warm
19
water fishes fed with various food items are summarized in Table 6.
With the exception of Vincke (1970) no mention was made of the
rate of feeding by other authors cited in Table 6. However Shell
(1967) observed a fourfold increase in the growth of Tilapia
mossambica when the feeding rate was increased from 1 to 2%
of body weight. Above this limit little increase in growth rate
was observed. Swingle (1967) however recommends feeding at 3%
of body weight adjusted bj..rnoflth-LYCampbeli (pers, corn.) working
with compound pelleted feeds fed .IiJ.a.u,ia iJti in cages at 8%
of the body weight initially urtii. they attained a weight of
200 gm. After that the feeding rate was reduced to 2% of the
body weight.
Feedirg rate and its effect on fish production are closely
linked with other factors such as stocking rate, species
combination and type of feed stuff used. In general, even under
similar experimental conditions: higher production rates are
recorded when a certain percentage of animal protein is added to
the diet, Campbell (pers. corn.) is of the opinion that an
increase in production can be observed with an increase in the
percentage content of animal protein added to the diet up to a
maximum of 4%. Beyond this level, however, the venture becomes
uneconomical.
2.4. Stocking and Population Control Systems in Tilapia Culture
The cichlid fish Tilapia has been chosen, out of the numerous
indigenous African fishes, for this review, because of its numerous
favourable qualities (listed below) which have attracted
international attention. The following statement is credited to
the Tilapia International Foundation (TIP — undated) with head
quarters in Brussels.
"The shortage of animal prot.efns in the diet of millions in
developimP countries is a problem for which many people are
trying to rind a solution. One of the lesser known solutions is
the rearing of Tilapia, a fish indigenous to Africa".
T.I.F. (undated) also maintains that as a culture fish,
Tilapia has the foliowinE favourable qualities:
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(a) It is the commonest and easiest fish obtainable from
any water body. One does not need much money or
technical knowhow to set up a tilapia hatchery.
(b) It is a hardy fish with a high reproductive rate. It
can live on Rlmost all kinds of organic wastes, be they
from man, animals or plants.
(c) The nutritional value of tilapia compares favourably
with that of lean meat e.g.
Calories Protein %/ounce
Tilapia 32 19.7
Lean meat 38 20.6
(d) Yields of 5,000 kg/ha/yr or more can be readily
obtained at minimum cost and the rearing of tilapia js
believ to yield more protein per hectare than any
other form of land use.
The TIP is of the opinion that the rearing of tilapia has
enormous potential for producing the much needed proteins locally
in a simple and cheap way.
The only negative quality of tilapia is that of excessive
reproduction within the period of cultivation and its resultant
problems. The various methods used in controlling overpopulation
of this fish in ponds will however be considered later on in this
report.
Table 7 shows a summary of the stocking systems for tilapia
in different parts of the world. Swingle (1968) observed that
increasing the stocking rates of T.mossambica fingerlings from
5,000 to 10,000 per hectare in fertilized ponds increased
production in a four month growing period by 27%. In polyculture
of T.mossambica with channel catfish (an insectivorous fish) the
production of the catfish increased from 1400 kg to 1 568 kg with
266 kg of T.mossambica.
With monosex and hybrid tilapia, production was also observed
to increase with increase in stocking rate. It should be noted,
however, that stocking rate in any particular experiment will
depend on the conditions of the experiment and the objective.
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A high stocking rate with intensive feeding and fertilization of
the Pond will certainly give rise to a higher production rate than
a similar experiment with only fertilization and no supplementary
feeding.
The carrying capacity of the ponc also affects the stocking
rate. If the carrying capacity of the pond is known then the
stocking rate may be estimated by dividing the carrying capacity
the required weight of fish i.e. the ultimate size of fish
required for the market e.g.
1000 kg carrying capacity ,00C) fish per'
0.250 kg market size fish hectare
In general, higher production and a greater percent:o: of
marketable tilapia have been obtained with the foiiowin teique
(FAO 1975).
(I) maximizing growth prior to the commencement of breedinc
through intensive stocking combined with pond fertilization
and supplementary feeding with production rates ranin
from 2 — 6 t/ha/yr.
(ii) Culture of all male tilapia obtained by both visual
sexing and interspecific hybridization. Production of
1.5 — 2 t/ha/yr have been reported. The practice is
however so far limited to a few countries due to problems
related to the adventitous entry of wild tilapias and
difficulties in the maintenance of pure lines of parent
stocks.
(iii) Culture of tilapia with predators e.g. Lates niloticus,
Clarias spp., Hemichromis spp. etc. Production rates up
to 5t/ha/yr have been reported.
(iv) Stocking of mixed age groups with regular harvesting
through selective mesh size.
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2.4.1 Density Control by Predator
Pruginin (1976) reports the combination of Tilapia sp. with
Lates niloticus at the rate of 2,000 tilapia nd 30 L.niloticus
/ha. The pond produced about 600 kg/ha with 95% the fish cropped
being of marketable size. Similar results were obtained using
Bagrus docmac as predator.
Morrissens (pers. corn.) mentions effective control of
tilapia with Clarias as predator at a stocking rate of 1 Clarias
to 6 Tilapiá or 1 Clarias to 3 female Tlapia. A production of
about 12 to 14 t/ha/yr has been attained using this combination
with of the crop being Tilapia and the rest made up of Clanias.
The stocking rate of 4 Tilapia per sq.m and 0.66 Clarias/sq.m
are recommended.
Bard et al (1976) reports a successful control of Tilapla
population with Hemichromis, Lates and Clarias. With Hemichromis
the authors advocate 2 — 5% of the prey fish (i.e. Tilapia). If
Lates is used to control a monosex Tilapia population then the
best combination is 3 Lates (weighing 100gm each) in a 40Dm2 Cofld
stocked with Tilapia at the rate of 1 — 3 fish/rn2. A yield of
4 tons/ha/yr was achieved. With multisex culture the authors
advocate the use of 10 - 20 Lates for 400 Tilapia in a 40Dm2 pond.
Using rice bran as feed, a feed conversion factor of 8 was
observed in 4 - 5 months with the average weight of Tilapia at
160gm. After 6 months the mean weight of Tilapia was 250gm and
with a feed conversion factor of 6 using rice bran.
With Clarias, Bard et al (1976) recommend 100 Clarias of
100gm mean weight to 1,000 Tilapia in a 40Dm2 pond in rnultisex
culture of Tilapia. A yield of 6 tons per ha/yr of Tilapia could
be realized with yield of 125gm mean weight and 1.5 tonnes/ha/yr
of Clarias of 200gm mean weight in 4 months. In 6 months the
yield could rise to 5.5 tons/ha/yr of Tilapia (150gm weight) and
1.5 tonnes/ha/yr of Clarias. Food conversion ratio is 12 for
Tilapia using rice bran and 10 for Clarias.
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2.4.2. Hybridization
The following crosses have produced 100% male offspring
(Bardach et al 1972) male T.macrochir x female Lnilotica
T.mossambica (Zanzibar stock) x female
?.niiotica (L.Albert Stock)
T.bornorum x female T,mossarnhica
Pruginin (1968) produced all male hybrids with male T.hornorum
x female T.nilotica in Uganda. Lazard (1973) also produced all
male hybrids in Ivory Coast from crosses of: male T.hornorum x
female T.nilotica. The hybrids resulting from the above cross
were stocked at 10,000/ha with an average weight of 2gm and after
180 days the hybrids reached an average weight of 98gm with a
production of 1,396 kg/ha/yr. Triple superphosphate was applied
at the rate of 13.5 kg/ha every two weeks.
Bard (1964) cited in Hickling (1968) surnrnarises the results
of hybridization among other species of Tilapia as follows:
In Katango: male T.andersonii x T,macrochir
" Zambia: " T.andersonii x T.mossambica
Cameroun: and
Ivory Coast " T.nilotica x Tmacrochir
East Africa: " T.nigra x T,mossambica
Rhodesia: " T.mossambica x T.macrochir
Yashouv and Chervinsky (19 59) reported a cross between
T.galilaea and T.nilotica in Israel.
The commonest species of Tilapia in Nigeria are: T.galilaea,
T.nilotica, T.zillii and T.melanopleura. With the exception of
the cross in Israel none of the other Nigerian species have been
crossed for hybrids. This is an experiment worth trying.
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Lovshin and Da Silva (1976) report that studies in Brazil
have shown that an average of about 300 all male Tilapia hybrid
fry can be expected per female per spawn. The number of' fry varies
with the size of the female tilapia. With such low fecundity
rate, one female spawning 6 times a year can only produce
approximately 1,800 fry/yr. At a stocking rate of 10,000 fry/ha
about 6 female spawners will be required and 50 females would be
needed to provide 1,000,000 hybrid fingerlings necessary for
stocking a 0 ha commercial farm. The authors report that the
biggest problem facing the aquaculturist producing all male
Tilapia hybrids is that of contamination of the parent stock with
time. The fish culture research station in Bouake, Ivory Coast has
given up working with all male hybrids because of contamination of
the brood stock. Some experiments with Tilapia hybrids imported
from Brazil are still in operation at the station however
(Morrissens, pers. corn.).
Finally several workers agree that the hand sorting of' all—
male Tilapia for mono—sex culture is time consuming and requires
highly trained workers since contamination by a few females can
upset the success of the experiment.
3. EXPERIMENTAL DESIGN AND METHODS
As suggested by Prowse (1968) it is always useful to
formulate aquaculture problems before suitable methods can be
designed to solve them. For the purpose of this review the
problem under investigation is how to maximize fish production in
Nigerian fish ponds. Because of the vast differences in the
physical and chemical environmental factors in various parts of' the
country, standardization of methods of' experiment is necessary for
comparir results obtained under different environmental conditions.
From the foregoing review it is obvious that several factors
contribute to increased fish production in ponds. Among these are:
(1) liming and fertilization
(ii) feed and feeding rate
(iii) stocking rate and species combination
(iv) suitable or favourable environmental factors.
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Prowse (1969) is of the opinion that the ize of experimertal ponds
may have either favourable or adverse effects on the growth of fish
and that in general the growth rate of fish increases with increase
in the area of ponds. In order to test this "living space effect"
it is necessary to construct ponds of different sizes for similar
treatments. It is also important to design experiments the
results of which could be subjected to statistical tests.
3.1. Experimental Design
Appendix 2 shows the design of the ponds for the experiments
under consideration as advocated by Swingle '1968). The 3 x 3
randomized block design is less than the 5 x 5 recommended by
Prowse (1969) but is used here in order to reduce construction
costs. Even the 3x 3 randomized block design may be too elaborate
for poorly financed fishery departments. Such departments could
make do with the ponds they already have, thus limiting the scope
of their experiments to the number and sizes of ponds avalilable,
However, in the event of any new ponds being constructed, the
minimum size should not be less than 0.25 ha except in the case of
nursery and breeding ponds. Any of the treatments outlined in
Appendix 2 could be experimented upon by any investigator with a
minimum of three ponds of equal sizes.
Since stocking rate has some effect on the final production,
it is suggested that three rates of stocking be tested (e.g. x,
2x and 3x fish per hectare where x is the rumber of fish in
thousands under 3 treatments): e.g.
(i) the first 3 ponds should be tested for the effect
of fertilization plus supplementary feeding.
(ii) the second set of ponds could be tested for the
effect of supplementary feeding only
(iii) the last set of ponds should be tested for the
effect of fertilization only.
Prowse (1968) advocates sflultaneous filling and treatment of
each set of ponds since the age of the ponds and even time of
filling can introduce bias. The sizes of the pond, according to
Prowse (1968) should not be less than 1 acre (0.203 ha).
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Although the design is intended to fit the test for living
space effect this can only be done for mono or poly-culture
combinations separately and not both in one experimental trial.
Thus the effect of living space for mono—culture of Tilapia
under different stocking rates could be tested for 3 sets of
pond areas (O., 0.5 and 1.0 hectares) simuitaneously under
comparable treatments of feeding and fertilization.
3.2. Standardization in Liming and Fertilization
3.2.1. Liming
Table 8 shows the recommended rates and system of application
intended for this experiment (after Naar et al 1966).
Table 8 — Standardized rate of liming for use in
Nigerian fish ponds.
Soil types New Tonds Old Ponds
(1) Clay soil 1680 — 221+0 kg/ha
on the bottom when
the pond is dry
1120 kg/ha yearly after
draining
(ii) Sandy soil 1120 — 1680 kg/ha
on the bottom
560 - 1120 kg/ha on
the bottom
N.B, Lime should only be applied in water with pH lower than
6.5. Miller (1967) is of the opinion that the use of lime
in water of pH greater than 6.5 is unnecessary.
3.2.2. Fertilization
Table 9 shows a summary of the types and quantity of organic
and inorganic fertilizers recommended for use in Nigerian fish
ponds. Thetable has been compiled with data from Tables
2 and 4.
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In all experiments, conditions of apication should be well
d9cumented indicating whether or not the fertilizers were applied
after liming and with or without feeding, In all cases incidence
of cost should be estimated.
Table 9 - Standardized rate of fertilizer application for
use in Nigerian fish ponds.
Fertilizer type Rate of
Application Comments
Organic
(i) Cow dung
500 kg/ha/month
3,000 kg/ha applied to
bottom of new ponds
before filling if
possible
(ii) Poultry manure
112 — 224
kg/ha/week
OR OOO duck/ha in
combined culture
(iii) Pig manure
560 — 1680
kg/ha/week
OR 100 pigs/ha at rati6
of 1 : 3 (males to
females) in combined
culture
Inorganic
(i) Basic slag
P2 36 kg/ha/month
To be applied one week
after application of
lime (Table 8)
(ii) Mixture of:
triple super—
phosphate
+ammoniuni
sulpht
133 kg/ha/month)
238 kg/ha/month)
To be applied
monthly for 4 months
(iii) Mixture of:
sodium nitrate
triple super—
phosphate
potassium
chloride
230 kg/ha
180 kg/ha
15 kg/ha
?lus 50% addition
after 6 months if
necessary
(iv) triple super—
phosphate oruiy 60 kg/ha/month
Applied twice a
month
(v) ammoniun
sulphate only 300 — 400
kg/ha/m.
Applied twice
monthly.
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3.3. Standardization of Feeds and Feedijig Rate
Because of the difficulty of obtaining or using similar feed
stuff in all parts of the country no standard can be fixed for the
type of feed to be used. However, irrespective of the feed stuff
used, feedirg should be carried out at 3% of the body weight per
day thus necessitating adjustment of feeding rates every two weeks
to 3% of the estimated standing crop (Swingle 1968).
In order to reduce the cost in some areas, a high protein
feed stuff, e.g. groundnut cake, could be mixed with high carbon-
hydrate feed stuff, e.g. brewers waste or palm kernel cake (Table 3).
The following combination of feed stuffs (after Hastings 1973)
is recommended to suit the needs of workers in different parts of
the country:
Beer wastes (brewery wastes) 15.0%
Wheat bran — 20.0%
Rice bran - 15.0%
Cotton seed or peanut cake - 30,0%
Sesame cake — 7.8%
Fish meal - 5.0%
Blood meal - 5.0%
Bone meal or shell - 2.0%
Vitamin mix — 0.25%
The above feed composition is chosen for convenience and is
not intended for strict compliance since in any case not all the
feed stuff are readily available in all parts of the country. Für
instance in the absence of any of the above a related feed stuff
can be substituted in the right proportion or a related available
feed stuff increased in relative proportion, e.g.
(a) In the absence of wheat bran, rice bran can be increased
to % and vice versa.
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(b) In the absence of sesame cake, palm kernel cake can be
added in a similar proportion.
(c) In the absence of fish meal, blood meal or fresh blood
(boiled) could be increased to 10% etc.
In most cases, however, ory a single feed item (e.g. ground-
nut cake or palm kernel cake) might be available hence the
experimenter will have no choice. However, it is anticipated that
the addition of 10% blood meal to the cake would improve the quality
of the feed,
3.4 Standardization in Species combination dnd Stocking
Rates for application in Nigerian fish ponds.
It is recommended that more attention be focussed on Tilapia
with the objective of controlling over population. This nay be
done by combination with predators, or with other species for
increased production. Table 10 sumrnanises the recommended
combination of species and stocking rates.
Table 10 — Standardized stocking rate and species combinations
for experimental trials in Nigerian fish ponds.
Spepies Combination Stocking Rate Comments
Nono-Cliture
(•i) Tilapia
(ii) Carps
I0,O00 20,000/ha
3,000 — 6,000/ha
If possible use
fingerlings of
nono sex or
hybrids
Poly—Culture
(i) Tilapia and Carps
(ii) Tilapia & Clarias
Tilapia at 2000—
3000/ha and Carps
at 2,500/ha
Tilapia at 4000/ha
and Clanias at
6,600/ha .
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If the experiment is intended to show the effect of different
stocking rates on the standing crop as envisaged on the experimental
design then three rates of stocking could be tested up to the
maximum indicated in Table 10, e.g.
(a) For mono-culture of Tilapia hybrids or mono—sex tilapia
the following stocking rates could be adopted:
5,000 (X); 10,000 (2X; and 20,000 (4X)
(b) For poly-culture of Tilapia and Clarias the following
combinations could be adopted:
(i) 10,000 Tilapia + 1,650 Clarias
(ii) 20,00C " + 3,300
(iii) +0000 " + 6,600
Availability of fingerlings for stocking is likely to be a
major constraint. The above proportions could be drastically
reduced depending on availability.
Although the list of species in Table 10 is by no means
exhaustive and is intended to form the background for the
experiments, other suitable species for culture could be tried in
combination with Tilapia, e.g. .Heterotis niloticus, Gymnarchus and
Hemichromis for population control etc.
3.5 Standardization in Chemical Analysis
Swingle (1968) has outlined the standard analytical methods
to be used in water and soil analysis. However, because of the
difficulty of acquiring and maintaining equipment in a developing
country like Nigeria, no strict standardization in methods will be
advocated in this report. The components to be determined could
however be standardized according to Swingle (1968). The following
determinations are recommended:
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Water Samples
Ci) Dissolved oxygen
(ii) Free carbon dioxide
(iii) Total alkalinity
(iv) Total hardness
(v) Calcium
(vi) Hydrogen ion concentration (pH)
Soil Samples
Ci) pH of soil
(ii) Lime requirements of soil
(iii) Nitrate
(iv) Phosphate
(v) Calcium
The pond bottom soils should be dried at approximately 40°C
in n oven for 48 to 72 hours and ground in a mortar before passirg
through a mesh screen. For pH determination, a 20gm sample of the
dried soil is mixed with 20m1 of water and after 1 hour the pH
det?rmination is carried out usinga known method.
To test for lime requirements, add 2Oml buffer solution to
the soil sample of which pH was determined. Stir 2 to 3 times
during a 1—hour period and determine the pH while stirring. Each
0. 1 reduction in pH indicates need for the addition of approximately
500 kg of agricultural lime stone (Ca C03) per hectare.
For preparation of a buffer solution consult any of the
standard analytical methods, or Swingle (1968).
3.6. Standardization in Data Log Book
From the foregoing account, it is evident that a lot of data
keeping is involved in pond culture experiments. Some of the
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routine activities such as fertilization, feeding, stocking, water
and soil analysis have to be well documented. The fOllowing tables
iliustrate how such information could be well documented with time.
Table 11 - Species Combination and Stocking Log.
Pond No. Date Species stocke No,/ha I Mean weight
at stocking
Table 2 — Pond Fertilization Log
Pond No. Date Surface Area Fertilizer Type Quantity
kg/ha
Total area
and quantity
applied
36
Table 13 - Feed and Feeding Lc.
Pond No. Date Feed
type
Quantity
given in
kg
Estimated Total
Wi. of fish
Time of
Feeding
Total
quantity
for the
month
4, SUMNAEY AND CONCLUSION
The paper reviews some of the major constraints in pond fish
culture among which are:
(i) availability of. suitable sites with good quality water
and soil conditions;
(ii) determination of the need and optimum rate of lime and
fertilizer application;
(iii) availability and determination of optimum rate of feeding
and suitable feed combination; and
(iv) vai1abiHty of seeds for cuiturno mri deterrnina
tion of sutab)e stockinc rates for various
species combination.
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An experimental design is proposed intended to test:
(i) the effect of living space and different stockirg rates
on the standing crop ; and
(ii) the effects of different treatments e.g. with or without
fertilization, with fertilization and feedir, with feeding
and without fertilization on the standing crop.
Finally an attempt is made to introduce suitable working
standards for purposes of data comparison on the following parameters:
(I) liming and fertilization
(ii) feeds and feeding
(iii) species combination and stocking rates
(iv) soil and water analysis
Standardized data logs on the above mentioned parameters are also
proposd.
In conclusion, it is pertinent to note that the proposed
experimental design is by no means conclusive but is intended to
serve as a working guide for field workers.
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